We assessed the distribution and status of jaguar Panthera onca in the Argentine Chaco, one of the least known areas within its range. Current jaguar distribution in the Chaco encompasses parts of central and western Formosa, western Chaco, eastern Salta and north-eastern Santiago del Estero Provinces. Jaguar range was reduced following colonization of the semiarid Chaco even though there has been little deforestation. Jaguars have not been observed over the last 15 years in areas where colonization occurred more than 35 years ago, probably reflecting hunting pressure. Livestock predation is lower now than when the area was first settled in the 1920s. This may indicate low jaguar densities as the livestock management system has not changed. Local people, however, continue to hunt jaguars with the intention of exterminating them. Education, enforcing jaguar hunting laws, increasing control of poaching in protected areas, and creating more protected areas may be the most efficient strategies to preserve the jaguar population of the Argentine Chaco.
Introduction
Conflicts between humans and wildlife are more acute when coexistence produces negative consequences for humans, and such is the case with large felids such as jaguars Panthera onca preying upon domestic animals and threatening human life. This conflict occurs throughout the distribution range of jaguars, resulting in their persecution (Hoogesteijn et al., 1993; Jorgenson & Redford, 1993; Nowell & Jackson, 1996) . The jaguar now survives in only a fraction of its former range (Swank & Teer, 1989; Rabinowitz, 1995) and is categorized as Near Threatened on the IUCN Red List (IUCN, 2006) .
In Argentina this species was once distributed from the north of the country south to Patagonia (Guggisberg, 1975) but its range has been reduced by c. 85% (Perovic, 2002a) . The ecology and conservation status of jaguar has been studied in the north-east tropical forest of Misiones (Schiaffino et al., 2002) and in the north-west tropical Yungas (Perovic & Herran, 1998; Perovic, 2002a) , but not in the Chaco region (Perovic, 2002a) , for which contradictory information has been presented by different authors. Arra (1974) described jaguar distribution across the Chaco and the Yungas as if they are one connected area, separated from the Paranaense forest of Misiones. Olrog & Lucero (1981) defined the same distribution as three separated areas. Roig (1991) described the entire northeast to north-west region of the country as the jaguar's distribution, whereas Swank & Teer (1989) and Redford & Eisenberg (1992) did not include the Chaco in the jaguar's distribution. Data from the Bolivian Chaco (Maffei et al., 2004) suggest that jaguars are widespread in forest types similar to those found in the Argentine Chaco. Because of this inconsistent information the Argentine Chaco has been highlighted as one of the priority sites for which research on jaguars is required (Sanderson et al., 2002) . Responding to this need, we assessed the status and distribution of jaguars in this area.
The main causes of jaguar population declines throughout its range are habitat loss and hunting as a result of conflicts with livestock (Swank & Teer, 1989; Rabinowitz, 1995) . It is important to assess these factors independently, however, because the presence of good habitat may not always guarantee a species' persistence if hunting is causing population declines. The semi-arid Argentine Chaco has been degraded by overgrazing and selective logging, but not by large-scale deforestation (Bucher & Huszar, 1999) . For this reason, reduction of jaguar range in this area could be attributed more to hunting than to habitat destruction. To test this hypothesis, we collected information about presence of jaguars and time of human colonization.
Whether hunting causes local extirpation of jaguars can also be assessed, in part, by understanding how local people perceive and react to the presence of this species. In the Pantanal of Brazil, for example, attitudes towards jaguars are mixed and difficult to predict on the basis of socio-economic factors (Zimmerman et al., 2005) . For carnivores that conflict with humans the conservation challenge lies in understanding human behaviour and attitudes towards predators because humans ultimately determine the course and resolution of conflicts (Sillero & Laurenson, 2001; Manfredo & Dayer, 2004) . Local people generally hold negative attitudes towards large carnivores that prey upon livestock (Kellert, 1996; Kellert et al., 1996) . For these reasons, we assessed local people's perceptions and reactions towards jaguar presence.
Study area
Our survey covered an area of c. 240,000 km 2 of the northern Argentine Chaco, covering parts of Salta, Formosa, Chaco and Santiago del Estero Provinces (Fig. 1) . The study area covers the humid and semi-arid subregions of the Chaco, differentiated by an east-west rainfall gradient (Morello & Adamoli, 1968) . The humid Chaco, with a total annual rainfall of up to 1,200 mm, is a mosaic of swamps, reedbeds and gallery forests; the dominant vegetation is semi-deciduous tall forest intermingled with grasslands (Bucher, 1982) . There are three protected areas within our study area in this subregion: Pilcomayo (47,000 ha) and Chaco (15,000 ha) National Parks, and Pampa del Indio Reserve (8,600 ha). This subregion is well developed and has a high percentage cover of agriculture (Torrella et al., 2003) . The semi-arid Chaco, with a total annual rainfall of up to 700 mm and a 6-7 month dry season (Bucher, 1982) , is dominated by medium-tall dry forest. There are five protected areas in this subregion: Copo National Park (114,000 ha) and Copo (70,000 ha), Formosa (9,000 ha), Loro Hablador (23,750 ha) and Fuerte Esperanza (28,200 ha) Reserves. This subregion has a low human density and little agricultural development. Most inhabitants are peasants living in small settlements throughout the forest, with a subsistence lifestyle based on livestock breeding and small-scale forest exploitation.
Methods
We carried out our surveys from 1997 to 2003, visiting different parts of the study area .20 times, each time for 30-90 days. We collected information on jaguar presence mainly through interviews with local people (400), other researchers (9), park rangers (11) and personnel of provincial wildlife agencies (3). We interviewed local people from rural areas, most of whom (95%) were mestizo peasants. Interviews were conducted in Spanish (our native language). We used semi-structured interviews (Bernard, 1995) consisting of questions that addressed:
(1) level of knowledge of the topic (time living in the area, time spent in the forest, hunting activities, identification of different felid species and their tracks), (2) information on sightings of jaguars and tracks, domestic animals killed by jaguars, jaguars hunted or captured alive, and the last year that jaguars were seen, and (3) location of last sign of jaguar presence, on a map. When there was more than one indication of jaguar presence for a single site and year we used only one. As part of other research we have spent time living with various rural families in the area (1997) (1998) (1999) (2000) (2001) (2002) (2003) , allowing us to develop a rapport with local people and increase our ability to assess the reliability of their reports. Information was considered reliable when there was consistency among different informants, and interviewees demonstrated ability to differentiate between tracks of jaguars and pumas Puma concolor. Local people are familiar with puma tracks because this species often repeatedly attacks their goats. Predation by pumas on cattle is rare and thus when locals find carcasses of cattle that have been attacked by a large predator they are confident that it has been a jaguar.
Twenty-eight percent of jaguar records were collected by ourselves. We confirmed 8% of other reports by observing animal parts (skulls, skins or feet) that people traditionally save and/or by photographs. Dubious data were not included, and scats were only included as data when observed by us or corroborated by several informants. The wildlife agencies of El Chaco and Formosa Provinces provided information on confiscation of jaguar hides, jaguars captured alive and on killings of jaguars. We also collected information through our own observations of tracks, faeces, and livestock preyed upon by jaguars. When we had recent information on jaguar sightings or attacks on livestock we walked the forest in that area searching for tracks, carcasses and/or other signs. Where we had reliable information on jaguar presence we recorded locations using a global positioning system. Because of the varied sources and types of information we gathered, we refer to our data as signs of jaguar presence.
To ascertain whether local disappearance of jaguars was related to human colonization, we performed a correlation analysis using the age of settlements as the explanatory variable and the time of the last sign of jaguar presence as the response variable. For this analysis we only used information from sites in the semi-arid Chaco, covering c. 30,000 km 2 , where there has been little conversion of forest into agriculture land.
We addressed local people's perceptions of jaguars in western Chaco Province (Fig. 1 ) from 2001 to 2003 using ethnographic methods while frequently visiting and spending time with 38 local families as part of other research. We also obtained information on relative levels of livestock mortality and causes by interviewing local ranchers (30) and veterinarians (4) and through direct observation. We were not able to quantify livestock mortality because different factors often affect cattle simultaneously (e.g. starvation and diseases), and because most local people did not know the number of livestock they own.
Results

Jaguar's range
We collected 112 records of jaguar presence from approximately 1920 to 2003 (Table 1 , Appendix 1). Signs of jaguar presence within the last 6 years were reported mainly in the semi-arid subregion (96%). The two recent reports of jaguar presence in the humid subregion, north of Pampa del Indio Reserve (Fig. 1) , were from two large 304 Table 1 Type of signs of jaguar presence in the five time periods considered.
Type of record
Number (%) of records 1920-1982 1983-1992 1993-1997 1998-2000 2001-2003 Tracks &/or faeces 6 (26) 9 (56) 17 (60) private ranches (30,000 and 10,000 ha) where there has been little deforestation and hunting is forbidden. The frequency of signs of jaguars reported by locals and observed by us were highest in an area encompassing Copo National Park and Loro Hablador Reserve and in the central northern part of Formosa. Assuming that jaguars may still exist where signs of their presence have been reported within the last 6 years, we identified current jaguar distribution as an area encompassing central and western Formosa Province, western Chaco Province except for the south-west, north-eastern Santiago del Estero Province, and an area along the eastern boundary of Salta Province (Fig. 1) . From this, using the geographic information system ArcView 3.3 (ESRI, Redlands, USA) we estimated that the total area of current jaguar distribution in the Chaco is c. 79,000 km 2 . Using the locations where jaguars were observed between 6 and 20 years ago, we estimated that jaguar range has been reduced by 90,000 km 2 . The jaguars' range in the semi-arid Chaco appears to have been reduced by colonization. There was a positive relationship between age of settlements and years since last sighting (Fig 2) . The average age for settlements where signs of jaguar presence were reported within the last 6 years was 15.1 years. Except in the area neighbouring Copo National Park, no sightings of jaguars have been reported within the last 10 years in settlements .35 years old.
Livestock predation and perceptions of jaguars
Local people mentioned that many cattle were lost to jaguar predation and many jaguars killed during the early years of settlement in the region (up to 70-80 years earlier). Currently, however, cases of predation by jaguars are rare. We recorded six reliable reports of jaguars preying on cattle during our fieldwork, of which only one was a case of repeated attacks. In contrast, most interviewees (72%) reported predation of goats by pumas at least once per year, often losing many goats in each predation event. Although we were not able to quantify livestock mortality, we estimated that in the semi-arid Chaco .80% of deaths reported during our study period were at least partially attributable to the style of livestock management, which is extensive husbandry with little veterinary health care and no breeding strategies. The most common causes of livestock mortality were starvation, thirst, disease and parasites. Three of the 38 families with whom we worked lost .50% of their livestock in one season because of disease or starvation.
All interviewees mentioned that jaguars are dangerous and injurious, and expressed a desire to eliminate them, although 73% of rural interviewees had never seen jaguars or signs of their presence. Other than one reported case of a human attacked by a jaguar in 1995, most interviewees (96%) had never heard of jaguar attacks on humans, although most expressed fear of jaguars. The persecution and killing of jaguars does not appear to follow predation but is a continuous process. Jaguars are persecuted as soon as their tracks have been observed in the forest. In contrast, pumas are generally persecuted only after they have attacked goats. Although the extermination of jaguars seems to be the main motivation for hunting this species, some people also sell jaguar hides to local traders. We learned of two recent cases where local people sold jaguar skins. However, we did not find evidence of local people making a living from selling jaguar hides as was apparently common, according to interviewees, in the past. 
Discussion
Our findings suggest that jaguars in the Chaco are separated from those of the Paranaense forest of Misiones and of the Yungas, as indicated by Olrog & Lucero (1981) , and that the jaguars' range in the Chaco has been reduced substantially within the last 10 years. This population is isolated by agriculture and high human densities. Although Roig (1991) noted that, within the Chaco region, jaguars are more abundant in eastern Formosa and northern Salta, our findings suggest that they have disappeared from the former but still occur in central northern Formosa. This area has a low human density, a variety of environments and periodic inundations from the Pilcomayo River and wetlands that impede further development and agriculture. We also found that jaguars were observed more frequently in Copo National Park and surroundings areas than in the rest of the surveyed area. Using minimum estimates of 2-5 jaguars per 100 km 2 for an unhunted site in the Bolivian Chaco (Maffei et al., 2004) , we estimate that Copo National Park could harbor 23-60 jaguars.
Based on our observations of agricultural and urban development we believe that the jaguar population of the Chaco is probably isolated from the other two jaguar populations of Argentina: in the Yungas of Salta and Jujuy and in the forest of Misiones. To the east and west of the estimated current jaguar distribution in the Chaco region there is intensive logging, forest fragmentation and development of agriculture. However, the Argentine Chaco jaguar population is probably not isolated from the Paraguayan Chaco jaguar population. The region along the Pilcomayo River that separates Argentina and Paraguay is little developed and the presence of wetlands impedes human access.
There may have been several causes of the reduction in the jaguars' range in the Chaco. Hunting for the fur trade was an important mortality factor until Argentina joined CITES in 1980. Habitat loss has probably affected jaguar persistence in the humid and transitional subregions given the high rates of conversion of forest to agriculture (Torrella et al., 2003) . High mortality of large carnivores as humans advance into wild areas is a worldwide phenomenon (Woodroffe & Ginsberg, 2000) . In the semi-arid Chaco, where colonization has not been associated with massive deforestation, we presume that hunting motivated by a desire to exterminate jaguars is the main threat. Although high human densities have the greatest effects on large mammals (Woodroffe, 2000; Parks & Harcourt, 2002) , in the semi-arid Chaco the existence of small settlements over more than 35 years has led to local extirpations of jaguars even when enough forest cover remains, as is the case for other large carnivores (Woodroffe & Ginsberg, 2000) . Jaguars can apparently survive in areas with slight disturbance if there is enough vegetation cover and prey (Aranda, 1996) , but not if there is high hunting pressure (Swank & Teer, 1989) . It is difficult to evaluate hunting pressure in the semi-arid Chaco, but the low number of reports of jaguar signs around settlements that are 10 or more years old suggests hunting pressure is high. The proportion of animals killed (26%) from the total number of reports of jaguars from 2001 to 2003 indicates there was high removal of individuals. This percentage is higher than the 18.4% over a period of 10 years in the Yungas (Perovic & Herran, 1998) .
The impact of hunting outside protected areas or at their boundaries can cause extinction of carnivores inside protected areas (Woodroffe & Ginsberg, 2000; Harcourt et al., 2001) . The effectiveness of the few protected areas in the Argentine Chaco in protecting jaguars is questionable. The two reserves that protect humid forest in El Chaco Province are small and isolated, and no sightings of jaguars have been reported in more than 15 years. Although home range and movements of jaguars in the Chaco are unknown, the 5,486 km 2 estimated minimum area required for a viable jaguar population of 500 individuals (Redford & Robinson, 1991) suggests that Copo National Park (1,840 km 2 ) alone will not be enough to protect jaguar populations. The effective size of this Park is further reduced by the presence of people living inside, and hunting along the borders by people from nearby towns. The areas outside Copo are becoming more populated and forest exploitation is increasing (Caziani et al., 2003) .
Jaguar-livestock conflicts in Latin America are common (Weber & Rabinowitz, 1996; Polisar et al., 2003) and in the Chaco where the ranges of jaguars and livestock overlap completely we were surprised at the small number of reports of predation. This same type of cattle husbandry did, however, generate conflicts during the colonization of the semi-arid Chaco. As livestock management has not changed we presume that the low levels of predation are an indication of low jaguar abundance. Similar livestock management is currently generating high conflict with jaguar predation in the other two areas that support jaguar populations in Argentina (Perovic, 2002a; Schiaffino et al., 2002) .
The negative attitude of people towards carnivores is a widespread phenomenon, reflecting a history of predation and competition (Kellert, 1996; Johnson et al., 2000; Conforti & Azevedo, 2003) . We found that fear of jaguars, rather than predation of livestock, was driving people to kill jaguars. This perception of jaguars exists throughout the jaguars' range, even though unprovoked attacks by jaguars on humans are rare (Sillero & Laurenson, 2001; Conforti & Azevedo, 2003; Crawshaw, 2004) . Although attitudes can become more positive when knowledge of predators increases (Conforti & Azevedo, 2003) , or when people learn to appreciate them as a symbol of wilderness (Mech, 1970) , this is unlikely to happen in the Chaco where the attitude to wilderness per se is negative. Mestizo peasants talk about the natural forest as dirty and agricultural fields as clean. Attitudes can also change when local people are involved with activities that bring benefits such as ecotourism from the conservation of jaguars (Miller, 2002; Conforti & Azevedo, 2003) . However, there are few examples where ecotourism or sport-hunting have resulted in carnivore conservation (Rabinowitz, 1995; Sillero & Laurenson, 2001; Miller, 2002) , and this is not a viable option for the Chaco given the poor infrastructure development, harsh climatic conditions, and the dense vegetation that impedes visibility of fauna.
In this situation the most important measure that could be contemplated is the creation of protected areas. Given the accelerated deforestation that is currently occurring in the Chaco (Zak et al., 2004) it is imperative to promote land use planning that incorporates a network of private, small state reserves, corridors, national parks and buffer areas. A potential corridor is the area between Copo National Park in the south and Paraguay in the north, passing through Loro Hablador, Fuerte Esperanza and Formosa Reserves. This proposed corridor, an area with low human population and abundant state land, could connect the Argentine Chaco population with those of the Paraguayan (Neris et al., 2002) and Bolivian Chaco (Maffei et al., 2004) . Reports of regular sightings of jaguars between Copo National Park and Loro Hablador Reserve suggest that animals move between these areas. The recently annexed land to the south of the Loro Hablador Reserve is a first step in connecting these reserves. The remaining land between reserves should be managed under a protection regime that does not necessarily imply the exclusion of other uses, such as livestock ranching or selective logging, which could be compatible with jaguar conservation (Perovic, 2002b) . Protection of large wide-ranging mammals cannot, however, stop at reserve borders (Woodroffe, 2001 ) and the existence of protected areas alone will not guarantee the persistence of jaguars if poaching continues.
Prospects for long-term persistence of jaguars in the Argentine Chaco are unfavourable, in contrast to the Bolivian Chaco where there is a large protected area and low human density (Maffei et al., 2004) . Our study indicates that the jaguars' range and population have been reduced since the colonization of the Chaco, and current density is low. Jaguars have been almost completely extirpated from the humid Chaco, and remaining populations in the semi-arid Chaco are associated with areas of low human density, low levels of deforestation and protected areas. The situation in this region, however, changed rapidly during our study. Forest exploitation is increasing and the agricultural frontier is advancing even into marginal areas (Torrella et al., 2003; Zak et al., 2004) . The area occupied by agriculture is predicted to increase fourfold in the next 6 years with the expansion of soybean plantations and pastures for intensive grazing (Torrella et al., 2003) . Besides the creation of protected areas, we believe that solutions have to include reduction of human-produced mortality through enforcement of hunting regulations and increasing protection in existing reserves. Long-term solutions should include education in schools, geared towards fostering coexistence with jaguars. Hunting control and protected areas seem to be, at least in the short term, necessary measures to preserve a species such as the jaguar in a situation where fear is driving its extermination.
